Human peripheral blood lymphocytes stimulated with Histoplasma capsulatum yeasts were exposed in culture to graded concentrations of ketoconazole or amphotericin B and subsequently assessed for membrane integrity, thymidine uptake, and blastogenesis. Lymphocyte reactivity varied with concentration and duration of exposure to ketoconazole. Overt membrane toxicity resulted from exposure to 40 ,ug of ketoconazole per ml for 5 days, diminished thymidine uptake occurred with concentrations as low as 5 ,ug/ml, and 15 to 20 ,ug/ml caused a marked decrease in thymidine uptake and eventually diminished blastogenesis. The antilymphocyte action of ketoconazole was neutralized by increasing the concentration of human serum in cultures to 40% regardless of its cholesterol content. Amphotericin B activity was qualitatively similar but less pronounced.
Ketoconazole is toxic to slowly replicating mammalian cells such as fibroblasts (1) or macrophages (6) in culture only in concentrations greater than 100 p.g/ml. This low degree of toxicity is presumably due in part to its minimal effect on mammalian cholesterol synthesis compared with its far greater effect on fungal ergosterol synthesis (17) . Ketoconazole also has no demonstrable effect on the functions of peripheral human blood polymorphonuclear leukocytes in vitro (8) . Recently, however, at concentrations as low as 5 ,ug/ml, ketoconazole has been found to retard replication of human granulocyte precursors (9) (Fig. 2) . Its effect was somewhat less than that of ketoconazole; it was statistically significant only at 20 ,ug/ml. Inhibition of thymidine uptake by 20 pg of ketoconazole per ml or amphotericin B in 5-day cultures was also associated with impairment of blastogenesis ( Table  1) . At lower concentrations of antimycotics, enumeration of blasts was too insensitive for comparison with thymidine uptake. The effect of human serum on ketoconazoleinduced inhibition of thymidine uptake is shown in Fig. 3 . At all concentrations of ketoconazole tested, 40% serum allowed increased thymidine uptake, although the effect was statistically significant only at 20 ,ug/ml. To evaluate possible roles for cholesterol on the neutralization by serum of ketoconazole's inhibitory effect on thymidine uptake by lymphocytes, paired cultures in which native or Cabosil-treated pooled serum was incorporated were compared (Fig. 3) . Despite the removal of 99%o of its cholesterol, the serum still neutralized ketoconazole's ability to inhibit thymidine uptake by lymphocytes. To ascertain something about the rates at which ketoconazole or amphotericin B affected thymidine uptake, 20 p.g of either drug per ml was added at various times to cultures begun simultaneously as little as 10 min before washing for thymidine uptake (Fig. 4) . Ketoconazole was equally effective in impairing thymidine uptake at all intervals tested, although it definitely affected blastogenesis only when it was incorporated for the full 5 days. Amphotericin B also promptly inhibited thymidine uptake but was less potent on a weight-for-weight basis. DISCUSSION Clotrimazole, another N-substituted imidazole antimycotic, suppresses thymidine uptake by human lymphocytes in culture (14) at concentrations of 2 to 10 pug/ml. Amphotericin B is somewhat less active in that regard, and its solubulizer, sodium desoxycholate, is inactive (14) . The antilymphocyte actions of both of these antimycotics can be neutralized by the addition of 45% autologous serum (14) .
In our studies, thymidine uptake by lymphocytes in cultures with 10% pooled human serum was usually impaired by ketoconazole in concentrations as low as 5 p.g/ml (10-5 M) . In concentrations of 15 to 20 ,ug/ml (4 x 10-5 M), ketoconazole significantly impaired both thymidine uptake and blastogenesis without overt membrane damage. In concentrations of 2 40 ,ug/ml (10-4 M), ketoconazole caused the loss of membrane integrity of many lymphocytes cultured for 5 days, as judged by their failure to exclude trypan blue.
Antimycotic imidazoles exhibit a wide array of biological activities. They can affect sterol and lipid synthesis (12, 18) , membrane-bound enzymes (16) , oxidative enzymatic processes (10) , and thromboxane (15) . The specific action that causes inhibition of thymidine uptake by antigen-stimulated lymphocytes is unknown. The diverse, concentration-dependent effects of antimycotic imidazoles on sterol-containing membranes have been extensively studied (3, 12, 18) . In low concentrations, inhibition of sterol synthesis occurs, whereas in higher concentrations, direct membrane damage is produced that is much less pronounced with ketoconazole than with clotrimazole or miconazole (12) . Liposomes are also much more susceptible to disruption by high concentrations of miconazole than of ketoconazole (12, 16) . Antimycotic imidazole-mediated alterations in the membrane composition of sterols, fatty acids, and phospholipids appear to occur gradually (3), and secondary effects on membrane-bound enzymes such as cytochrome oxidase also require hours to become apparent (3) .
The rapid rate at which ketoconazole suppressed thymidine uptake by stimulated lymphocytes may be indicative of its mechanism of action in this regard. This extremely rapid effect was evaluated in light of a recent suggestion that readily reversible inhibition of thymidine uptake by stimulated lymphocytes could result from small-molecular-weight lipophilic compounds that readily enter and non-specifically alter bilayer membrane function without appreciably affecting DNA synthesis or blastogenesis (11 
